Purified preparations of molluscum contagiosum virus contain a DNAdependent RNA polymerase (EC 2.7.7.6) with similar but not identical properties to those of the enzyme found in vaccinia virions. The ultraviolet inactivation kinetics of the RNA polymerase from both viruses were similar, displaying fast and slow components, Ultraviolet irradiation destroyed the interfering capacities of molluscum and inactivated vaccinia virions, and the interferon-inducing capacity of molluscum virus slowly and with first-order kinetics. Inactivation studies of the interferon-inducing capacity ofvaccinia virus were complicated by cytotoxic effects. Electron microscopical studies showed all stages of virus growth in vacciniainfected mouse embryo cells; molluscum virus appeared to be degraded in lysosomelike bodies. In preliminary studies, marked changes in cytoplasmic RNA synthesis and in patterns of polypeptide synthesis were found in vaccinia-infected but not in molluscum-infected mouse embryo cells.
INTRODUCTION
Purified molluscum contagiosum virus (MCV) is similar to purified vaccinia virus (VV) in morphology, sedimentation characteristics, DNA content and absence of detectable RNA (Pirie et al. r97I) . Molluscum virus readily induces heterologous interference and the synthesis of interferon in mouse embryo (ME) cells but it does not replicate and appears to become degraded (Postlethwaite & Lee, I97O) . The rate of DNA synthesis in MCV-infected ME cultures is depressed but the amounts of RNA and protein are not grossly affected (Pirie et al. I97I) . In order to investigate the refractory behaviour of MCV in culture and to examine factors which may account for its interferon-inducing capacity, comparative biochemical, radiobiological and electron microscopical studies were carried out on both MCV and VV.
METHODS
Viruses, media, cell cultures and biological assays. The source of MCV, VV and encephalomyocarditis (EMC) viruses, the preparation of ME and mouse L cell cultures, plaque assay methods for virus infectivity and plaque-inhibition assay methods for interferon and for virus interference were as described by Postlethwaite (I964), Postlethwaite, Watt & Hodgkiss (1967) and Postlethwaite & Lee (I97O) . HeLa cells were grown in Eagle's minimal essential medium (E) with IO ~ (v/v) tryptose phosphate broth (T) and IO ~ (v/v) calf serum (C)-ETC/8o. to. IO. Herpes simplex virus (HSV) type I, originally isolated from a human skin lesion, and the Dearing strain of reovirus type 3 were grown in ME and L cells respectively. Plaque assays for these viruses were carried out in L cell monolayers using an agar overlay consisting of Eagle's minimal essential medium with IO ~ (v/v) foetal calf serum and 0"9 ~ (w/v) Noble agar (Difco). Plaques were counted after 6 days and this was facilitated, for the tiny herpes plaques, by use of a bacteriological plate microscope. The usual maintenance medium consisted of Eagle's medium with 2 ~ (v/v) calf serum and 3 (v/v) tryptose phosphate broth, but the latter was omitted in experiments involving the incorporation of radioactive nucleotides. All solutions and media contained penicillin and streptomycin at final concentrations of too units and too #g/ml respectively. A preparation of VV was assayed on I i separate occasions. Titres ranged from 5"5 to 8.8 × lO 8 p.f.u./ml. The standard error was + 4"8 ~o and 95 ~ confidence limits for IO degrees of freedom were +II~o.
A preparation of MCV was assayed five times by adding 2. 5 ml volumes of serial fourfold dilutions in ETC/95.3.2 to secondary ME monolayers for 20 h and then challenging with approx. 8o p.f.u, of VV per culture. The reciprocals of the dilutions which reduced the plaque counts of the challenge virus to 5o ~ of the control values (PDDs0) ranged from 1"7 to 2.1 × lO 3, with a mean value of 2.o × IO 3. The standard error was then -+4"7 9/0 and 95 ~ confidence limits for 4 degrees of freedom were + I3 ~.
Purification of vaecinia and molluscum viruses. VV was adapted to grow in HeLa cells by three consecutive passages. Virus stocks, prepared from the clarified centrifugal supernatant fluids (280 g for IO min) of sonicated infected cultures, were purified by the method of Joklik (1962) after 3 alternate cycles of high (28oo0 g for 30 rain) and low (280 g for IO min) speed centrifugation. Virus from the final gradient band was freed from sucrose by two cycles of centrifugation at 28 ooo g for IO min and was finally suspended in I mi-tris-HCI buffer, pH 9. In a typical preparation the recovery of purified infective virus was 28 with a particle]p.f.u, ratio of about IOO (equivalent to a particle/pk.f.u, ratio of about IO).
Material from clinically typical molluscum skin lesions was thrice extracted by grinding with sterile sand in I mi-tris-HC1 buffer, pH 9. Virus from the clarified supernatant fluid (280 g for IO min) was purified as for VV but was finally resuspended in deMonized distilled water. One PDDs0 of MCV was equivalent to about 5 x lO 6 virions.
Production, characterization and assay of interferon. Purified MCV or inactivated VV was adsorbed to secondary ME monolayers for 2 h, residual unadsorbed virus was removed and maintenance medium (ETC/95. 3.2) was added. After incubation for 20 to 24 h at 37 °C the media were harvested, centrifuged twice at lOOOOOg for 4 h to remove residual virus, and the final interferon-containing supernatant fluid was stored at -70 °C. Mouse interferon, whether induced by VV or MCV, was characterized by its cell specificity (absence of activity in HeLa cells) and by its activity in L cells against challenge with EMC, HSVI, reovirus type 3 and VV. It was not sedimented by centrifuging at IOOOOOg for 4 h, did not inactivate EMC virus directly, was itself inactivated by trypsin and was resistant to exposure to 0"05 M-KC1-HC1 buffer, pH 2. Interferon was routinely assayed in L cell monolayers using EMC as challenge virus. A preparation of interferon was assayed on six separate occasions. Titres were within the range IOO to 182 PDDs0/2. 5 ml and the mean value was 137 PDDs0/2"5 ml. The standard error was -+9 ~ and the 95 ~o confidence limits for 5 degrees of freedom were + 22 ~.
Ultraviolet-irradiation of vaccinia and molluscum viruses. Virus suspensions in I mi-tris-HC1 buffer, pH 9, containing o'39 M-glycerol, were irradiated in 5o-mm plastic Petri dishes at a distance of 33 cm from a Philips 15 W germicidal lamp, emitting 41 ergs/mm2/s at 253"7 nm. Suspensions were stirred continuously with a small magnet in volumes which never exceeded I ml.
The fate of molluscum and vaccinia viruses in infected secondary mouse embryo cells.
Purified virions (3ooo particles/cell) were adsorbed to confluent cell cultures in 3o mm Petri dishes for ~ h at 2o °C. The unadsorbed virus was rinsed off, medium at 35 °C was added (o h) and the cultures were incubated at 35 °C. At intervals up to 24 h cells were scraped into the overlying medium with a rubber policeman then sedimented at 34oo g for Io rain. The cell pellets were processed for thin-section electron microscopy or, along with the supernatant fluid and post-adsorption wash fluids, were kept for biological assay. In a separate experiment molluscum-infected cultures were treated ultrasonically for 4 min in a 5o W Megason cleaning bath (Schuco International, London, Ltd.). After sedimentation of debris at 34oog for IO min the supernatant fluids were separated into sedimentable and soluble fractions by centrifuging at Iooooog for 4 h and these were subsequently assayed for molluscum virus and interferon (Postlethwaite & Lee, I97o) .
Electron microscopy. Purified virions were counted by a modification of the method of Watson (I962) using 2 ~ fw/v) aqueous dodecatungstophosphoric acid (pH 6"9) and o.I ~ (w/v) bacitracin (Gregory & Pirie, ~ 973) . Thin-section electron microscopy was carried out on cell pellets obtained as described in the previous section, fixed with 2. 5 ~ (v/v) glutaraldehyde in phosphate buffer, pH 7"2, post-fixed in I Yo (w/v) aqueous osmium tetroxide, dehydrated through a graded series of ethanol solutions and embedded in Araldite. Thin sections were cut with a diamond knife in an LKB Ultrotome III ultra-microtome and stained with saturated aqueous uranyl acetate followed by lead citrate (Reynolds, I963) . Electron micrographs were taken using a Philips EM 3oi electron microscope operating at 8o kV with a 5o/zm thin foil aperture.
Pulse-labelling experiments
Incorporation of 3H-uridine into RNA. The following was the procedure adopted for cultures (MCV-, VV-and mock-infected) each of 3"5 × Io6 cells, in EC[98. z. Purified virions (io 3 particles/cell) were adsorbed for I h at 2o °C to confluent cultures of ME cells. The non-adsorbed virus was rinsed off, EC]98.2 at 35 °C was added, and incubation commenced at 35 °C (zero time). At zero time and at intervals thereafter, the medium was removed and replaced, for Iomin at 35 °C, by 2 ml of EC]98.z at 35 °C containing ZH-uridine (5 #Ci/ml). The cultures were washed with phosphate buffered saline PBS(A) (Dulbecco & Vogt, I954) at 2o °C and then with Io mM-tris-HCl, pH 7"5, I4o mM-NaC1, 1.5 mM-MgCI~ at o °C to remove 3H-uridine and its low tool. wt. derivatives. Nonidet P4o (2"5 ml, o'5 ~, v/v)in the tris-NaC1-MgCl~ buffer was added and the cultures were held at 4 °C for I5 min to lyse the cells and release the nuclei intact (see Borun, Scharff & Robbins, I967) . The disrupted cell preparations were then centrifuged (8oo g, Io rain) and the supernatant (' cytoplasmic') fraction was decanted. The sediment of nuclei was suspended in I ml of PBS(A). Perchloric acid to a final concentration of z ~ (v/v) was added to the 'cytoplasmic' and 'nuclear' fractions and, after I h at 4 °C, the precipitates were collected by filtration on Whatman GF[C glass-fibre discs and measured for radioactivity.
Incorporation of 35S-L-methionine into polypeptides. Purified virions (MCV or VV; io z particles/cell) were adsorbed to confluent cultures of ME cells in Petri dishes (3o mm diam.) for I h at 4 °C, in ETC]95.3.2. The residual inoculum was washed off with PBS(A) at 35 °C and ETC[95 . 3.2 at 35 °C was added (zero time). The cultures were incubated at 35 °C and, at zero time and various times thereafter, the medium was replaced by o.I ml of Hanks' balanced salt solution containing IO #Ci of 3sS-L-methionine. After 3o rain the cultures (MCV-, VV-infected, and controls) were washed three times with PBS(A) and o-2 ml of 8 M-urea, 1.6 ~ (w/v) sodium dodecyl sulphate (SDS), 3.2 ~ (v/v) 2-mercaptoethanol was added to solubilize the cells. Each dish was washed with 0.2 ml of PBS(A) and the washings were pooled with the initially solubilized material. Each 0"4 ml sample was heated for r min at Ioo °C to ensure complete dissociation of proteins to polypeptides,, then cooled and applied to polyacrylamide gels for electrophoresis.
Electrophoresis on polyacrylamide gels. Gels were made by standard methods using the following components at the final concentrations shown: sodium phosphate buffer, pH 7"2 (5o mM), EDTA (Io mM), acrylamide (Io ~'o, w/v), N,N'-methylene bisacrylamide (0-26 ~, w/v), SDS (o.I ~o,w]v) and N,N,N',N'-tetramethylethylenediamine (oq% ,v/v) . The gels were polymerized in perspex tubes (I8 cm×o.6 cm internal diam.). Samples for analysis were applied to the tops of the tubes in electrode buffer (50 mM-sodium phosphate, pH 7.2, o.I ~ SDS, w/v) and electrophoresis was allowed to proceed for I6 h at 4o V (3 to 4 mA/gel). The gels were removed and sliced longitudinally into four strips of equal thickness (Fairbanks, Levinthal & Reeder, I965) . The two inner slices of rectangular section were washed twice for 60 min in 7 ~ (v/v) acetic acid. The slices were dried in vacuo on to filter paper (Fairbanks et al. ~965) and submitted to autoradiography for I to 2 days on Osray M X-ray film (Agfa-Gevaert Ltd., Brentford, U.K.). The autoradiographs were developed for 2 min in G~5o X-ray developer (Agfa-Gevaert Ltd.) diluted I in io, rinsed in 3 ~ (v/v) acetic acid and fixed in Fix-Sol (Johnsons of Hendon Ltd., London, U.K.) diluted I in 3.
Assay of RNA polymerase. DNA-dependent RNA polymerase (EC 2.7-7.6) in purified virions of vaccinia was assayed either by the method of Szilagyi & Pennington 0971) involving prior treatment with o-I ~o (v/v) Triton X-Ioo and 32 mM-2-mercaptoethanol in Io mM-tris-HC1, pH 8"5, or by simple addition of purified virus suspension (Munyon, Paoletti & Grace, I967) to the following assay mixture (final volume, Ioo #1): 2-mercaptoethanol (7"5 mM), tris-HC1, pH 8"5 (ioo raM), MgCI~ (5 raM), ATP (2 raM), CTP (I raM), GTP (I raM), aH-UTP (o'I raM; o'5#Ci ), phospho(enol)pyruvate (7"I5mM), pyruvate kinase (2 #g) and virus (~o 9 particles). The enzyme in purified molluscum virions was assayed by the method of Munyon et al. 0967) , except that the optimal concentration of 2-mercaptoethanol was I5 mM and 2 × I09 virus particles/ioo #1 were added.
After incubation (usually 4 h, 35 °C;), the assay mixtures (~oo #l) were applied to discs of DEAE-cellulose paper (Whatman DE-8I) and processed according to Blatti et aL (I97o) except that the dried discs were measured for 3H directly, without prior treatment for solubilization in the toluene-based scintillation fluid.
The method of Blatti et al. (I97o) was not reliable for assays that contained Mn ~+ salts; these assays were therefore treated at o °C as follows: to the assay mixture (Ioo #1) was added 25 #g of 'carrier' DNA, then Ioo #1 of IO )/o (w/v) trichloroacetic acid. After 2o min the precipitate was collected by suction on a Whatman GF]C disc moistened with 5 (w/v) trichloroacetic acid. The assay tube was washed out 5 times with 5 ~ (w/v) tricbloroacetic acid, and the washings filtered through the disc. The disc was then washed 5 times with 5 ~ (w]v) trichloroacetic acid, 5 times with ethanol and dried in air at 5o °C for 2 h.
The DE-8I and GF/C discs were measured for 3H in a Tracerlab Corumatic IooA scintillation spectrometer, with efficiencies of counting of 6 ~ and I4 ~o respectively. The scintillation fluid contained o" 4 ~ (w/v) 2,5-diphenyloxazole and 0"005 ~ 1,4-bis-(5-phenyloxazol-2-yl) benzene in toluene.
Six separate assays of the molluscum polymerase gave a standard error of ± 5"5 ~ and 95 7O confidence limits of + 14 7o. For the vaccinia polymerase the corresponding figures were + 4"~ ~ and + II ~o" respectively. MCV and VV were used at 2 × lo 9 and lo 9 particles/assay respectively. In the experiments with Mn ~+, acid-insoluble radioactivity was measured; in all others, the DEAE cellulose (49 Ci/mmol), 6-3H-thymidine (21 Ci/mmol) and 5-3H-uridine 5'-triphosphate (I 5 Ci/mmol) were obtained from The Radiochemical Centre, Amersham, Bucks., U.K. All measurements of 3H were performed by liquid scintillation spectrometry as described above in the assay for RNA polymerase.
Miscellaneous. Actinomycin D, a-amanitin and pyruvate kinase were from The Boehringer Corporation, London, U.K.; trypsin (bovine pancreas), trypsin inhibitor (soya bean), DNA (type I, calf thymus), deoxyribonuclease I (bovine pancreas) and ribonuclease A (bovine pancreas) were the best preparations from Sigma (London) Chemical Co., Kingstonupon-Thames, Surrey, U.K.; rifampicin and rifampicin AF/or3 were from Lepetit Pharmaceutical Ltd., Maidenhead, U.K.; ribonucleoside 5'-triphosphates were from P-L Biochemicals, Milwaukee, Wisconsin, U.S.A.; bacitracin was from Burroughs Wellcome & Co., London, and Nonidet P4o was a gift from Shell Chemicals (U.K.) Ltd., London, U.K. 
RESULTS

DNA-dependent RNA polymerase in purified virions
When the method of Munyon et aL 0967) was used to assay preparations of purified virus for DNA-dependent RNA polymerase under optimal conditions, MCV virions were shown to contain 5 to lO ~ of the enzyme activity of an equivalent number of VV virions. The product of the reaction in each case was readily hydrolysed by the action of pancreatic ribonuclease (5o/~g/loo #l). Both polymerases were optimally active at 5 mM-Mg 2+. In the presence of Mn 2+, replacing Mg 2+, the MCV and VV enzymes had optima of I'6 mM and I.O mM-Mn 2+ respectively (Fig. 1) . The optimum temperature was 35 °C for both enzymes in the standard assay and, whilst both polymerases seemed rather heat-labile, the VV enzyme was proportionately more active at temperatures of 35 °C and above than was the MCV enzyme. The optimum pH of the latter was 8"5 which is similar to the optimum found by Munyon et aL (1967) for the VV polymerase. The optimal concentration of 2-mercaptoethanol for assay of the RNA polymerase in MCV was I5"o raM, distinctly different from that for the enzyme in VV (7"5 mm).
The time-course of the reaction of the MCV RNA polymerase, under optimal conditions, was similar to that described for VV by Munyon et al. (I967) , although the lag period was shorter, 4 to 5 rain for MCV compared with 8 to i2 min for VV (Fig. 2) . More than 90 of the polymerase activities of MCV and VV were retained after exposure of the viruses to pancreatic deoxyribonuclease in the presence of 5 mM-Mg ~+, as long as the treated virions were sonicated immediately before assay in order to disaggregate clumps (Table I) . Moreover, the addition of exogenous DNA to the assay mixture did not affect the enzyme activity of virions pre-treated with deoxyribonuclease. On the other hand, pre-treatment of virions with trypsin, followed by addition of soya bean trypsin inhibitor, reduced enzyme activity by 93 ~ for MCV and 96 ~ for VV. Further characterization of the enzymes was carried out by making certain additions to, or omissions from, the assay mixture and measuring incorporated radioactivity after incubation for 4 h at 3o °C (Table 0. In each case there was ? Trypsin was used at o.ol ~ (w/v) for 3 min at 37 °C; trypsin inhibitor was subsequently added to 0.02 % (w/v).
:~ RNase was used at 5o/zg/IO0/zl; it was added after 3"5 h in the 4 h standard assay at 3o °C.
an absolute requirement for GTP, CTP and a-mercaptoethanol, and omission of the ATP regenerating system severely inhibited enzyme activity. Whilst addition of ~-amanitin and rifampicin had no effect, actinomycin D and rifampicin AF/Io3 were grossly inhibitory.
Ultraviolet-irradiation studies
To study a possible relationship between virion RNA polymerase activity and interferoninducing capacity in ME cells, comparative u.v. inactivation studies were carried out on purified preparations of MCV and VV. At intervals during irradiation, samples were removed for assay of VV infectivity and of RNA polymerase activity, interference titre and interferon-inducing capacity of both viruses. Preliminary experiments with VV showed that, whether irradiation was for 2, Io or 2o min, yields of interferon were maximal at about 25 or 2o h for exposure multiplicities of 4 or 4o, 4oo or 4ooo virions per cell respectively. Dose-response relationships for MCV were established by Postlethwaite & Lee 097o).
The polymerases of both viruses were inactivated more slowly than the infectivity of VV (Fig. 3) . Inactivation rates of the enzymes were similar and displayed fast and slow components. After irradiation for 2 min the interfering capacities of both MCV and u.v.-inactivated VV were thereafter inactivated slowly, with first-order kinetics, and at rates approximating to those seen for the slower component of the polymerase reaction. The dosedependent interferon-inducing capacity of MCV was inactivated at a rate similar to that of its interfering capacity and this rate was largely independent of exposure multiplicity within the range 4 to 4ooo particles[cell. Interferon induction by VV was seen only after inactivation of infectivity. Continued irradiation resulted, firstly, in increasing and, finally, in diminishing capacity to produce interferon. The former phase was related to the u.v. Duration of u.v. irradiation (min) Fig. 3 . Effects of u.v. irradiation on the infectivity of W and on the R.NA polymerase activity, interference titre and interferon-inducing capacity of W and MCV. After irradiation of purified virions, samples were assayed for (a) RNA polymerase (and infectivity of W), (b) interference, and (e) interferon-inducing capacity after dilution in t mM-tris-HCl buffer, pH 9, 0"39 M-glycerol. The dilutions gave virus suspensions which, on addition of oq ml to dishes (50 mm diam.) of ME cells, gave multiplicities of exposure of 4, 40, 400 and 4000 particles/cell, and which were used to induce interferon. Media containing interferon from VV-exposed cultures were harvested, respectively, at g4, zo, 20 and 20 h and from MCV-exposed cultures at 30, 28, I6 and I6 h postexposure. Interferon was assayed in L cells (Postlethwaite & Lee, 197o ). x--x, Infectivity; A--A, RNA polymerase activity; A--A, interference titre; interferon-inducing capacity at exposure multiplicity of: m--! 4; U]---D, 40; (7)--0,400; 0--0, 40oo.
Molluscum contagiosum -a defective poxvirus ? Molluscum contagiosum -a defective poxvirus ? * At intervals after infection, ME cells were scraped into the medium. The cell suspensions were treated ultrasonically and centrifuged at 34o0 g for Io min. The supernatant comprised the whole sonicated cell suspensions from which samples were centrifuged at iooooo g for 4 h. The resuspended deposits gave the sedimentable fractions and the supernatant fluids were recentrifuged at IOOOOO g for 4 h to yield further supernatants called the soluble fractions. Interference assays were carried out in ME and L cells, titres being expressed as PDDs0/2'5 ml.
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inactivation of the capacity for cytotoxicity and there was no simple relationship to describe the rate of inactivation of interferon-inducing capacity. At a low multiplicity of exposure (4 particles/cell) however, and after irradiation for 2 min, the subsequent inactivation rate approximated to the rates shown for the interferon-inducing capacity of MCV and the interfering capacities and late polymerase components of both viruses. Only after irradiation for 20 min was there a direct relationship between multiplicity of exposure and interferon yield.
Electron microscope studies
The time course of interferon production by MCV in ME cell cultures, and the possible decay of inoculum virus, were described by Postlethwaite & Lee 097o). In order to define these events more clearly, and to compare them with the vaccinia virus infection, ME cell cultures were infected with VV or MCV and examined by thin-section electron microscopy at intervals during 24 h (Fig. 4 and 5 respectively) . Fig. 4 (a) shows a group of extracellular VV particles at the end of the adsorption period. At z h after adsorption VV particles were seen in phagocytic vacuoles (Fig. 4b) or as cores within the cytoplasm (Fig. 4 c) . By 5 h, immature progeny virions associated with cytoplasmic factory areas (Fig. 4d) were similar to those observed by Kajioka, Siminovitch & Dales 0964) in Earle's strain L cells. Large numbers of mature progeny virions were present 24 h after infection (Fig. 4e) , explaining the 2.8 log increase of infectivity in the medium at this time. Fig. 5 (a) shows a group of extracellular MCV particles at the end of the adsorption period. By 2 h after adsorption MCV particles were seen in phagocytic vacuoles (Fig. 5b ), but no cores or later developmental forms were found; however, small groups of virions, with early degeneration, appeared in dense lysosome-like bodies (Fig. 5 c) . Degeneration continued until, by 24 h after adsorption, MCV particles could no longer be found in healthy cells, but degraded virions were occasionally noticed amongst the remnants of degenerate cells (Fig. 5 d) . Concomitant assays for interferon (soluble interfering activity measured in L cells) and molluscum virus (sedimentable interfering activity measured in ME cells; Postlethwaite & Lee, I97o) confirmed the gradual decay of inoculum virus as interferon was produced (Table 2) 
RNA and polypeptide synthesis in VV-and MCV-infected ME cells
The foregoing experiments did not establish whether the RNA polymerase, readily demonstrable in MCV in vitro, was also active in the infected cell. Preliminary experiments were therefore carried out to compare RNA and polypeptide synthesis in uninfected and in MCV-and VV-infected ME cells. The synthesis of RNA in cytoplasmic and nuclear fractions of uninfected and infected ME cells at 35 °C was measured during 5 h, after adsorption of virus for I h at 20 °C, by sequential pulse-labelling with 3H-uridine and assay for acidinsoluble radioactivity (Fig. 6 ). There was no significant difference in either nuclear or cytoplasmic fractions between uninfected and MCV-infected cells. During the first hour, and presumably reflecting the transfer of cultures to 35 °C, there was a rapid rate of nuclear RNA synthesis, which thereafter declined. The rate of apparent cytoplasmic RNA synthesis showed a very slight increase in the first hour, but thereafter remained at a constant low level. In contrast, with VV-infected cultures, whilst the pattern of nuclear RNA synthesis was similar to that for controls, there was a progressive increase in the rate of cytoplasmic RNA synthesis. There was no evidence that this RNA was derived from increased transport of nuclear RNA within the Io min pulse-labelling period. Indeed, at 5 h, 45 ~ of the total RNA synthesized during this period was in the cytoplasm. Moreover, the presence of labelled RNA in the cytoplasm could not be attributed to appreciable nuclear damage by either virus infection or the preparative procedure used. Only o'3 to I'3 ~o of the total radioactive DNA of cells pre-Iabelled with 3H-thymidine appeared in the cytoplasmic fraction between x and 5 h after infection. In contrast to the vaccinial infection, there was thus no evidence for any substantial amount of altered RNA synthesis in MCV-infected cells which might be attributed to virion genome transcription. Having regard to the limited amounts of molluscum virus available, further evidence for such possible transcription was sought in terms of altered translation products.
Vaccinia or molluscum virions were adsorbed to ME monolayers at 4 °C for ~ h. During subsequent incubation for 5 h at 35 °C cultures were sequentially pulse-labelled with 35S-methionine for 3o rain at I5 min intervals. Radioactive polypeptides were resolved and detected by SDS-polyacrylamide gel electrophoresis and autoradiography respectively. VV-infected cultures showed characteristic changes in polypeptides but the patterns from MCV-infected cultures did not differ from controls. Resolution in these preliminary experi-ments was incomplete however, and, as with the RNA studies, the possibility of minor but significant expression of the MCV genome in ME cells could not be excluded.
DISCUSSION
Although low in activity relative to the VV enzyme, the RNA polymerase in MCV has several properties characteristic of a DNA-dependent RNA polymerase. The enzyme is inhibited by low concentrations of actinomycin D (Brockman & Anderson, I963) , requires the presence of all four ribonucleoside 5'-triphosphates, is inhibited by rifampicin AF/Io3 (Butterworth, Cox & Chesterton, I97I; Meilhac, Tysper & Chambon, I972; Cooper & Keir, I975) and the product of the reaction is destroyed by the action of RNase. Resistance to rifampicin suggests that the enzyme is unlikely to be of bacterial origin (Wehrli & Staehelin, I97I) . The Mg 2+ and Mn 2+ optima and the ratio of the optimal activities in the presence of Mg 2+ and Mn 2+ are in the range for type I (nucleolar) RNA polymerases (Roeder & Rutter, I969; Cooper & Keir, I975) . Several other properties, however, indicate that the enzyme is of a non-cellular origin. Resistance of the activity to DNase implies that the enzyme does not use DNA external to the virions as a template. In recently infected cells it is known that poxvirus DNA remains resistant to DNase action until secondary uncoating has taken place (Joklik, I966) . Although the extraction of RNA polymerases in high yield from mammalian cell nuclei usually involves sonication in high salt concentrations (Roeder & Rutter, I969) , it is possible that some small amount of RNA polymerase was extracted in the very low ionic strength buffer in which the viruses were extracted (Yu, i975) . Unfractionated nuclear RNA polymerase is inhibited about 50 ~ by ~-amanitin (Novello, Fiume & Stirpe, I97o; Kedinger et al. I972; Yu, I974; Busiello & Di Girolamo, I975) . The MCV enzyme is totally unaffected by o~-amanitin and, unless a highly specific preferential adsorption of the ~-amanitin-resistant nucleolar enzyme on to the virus had occurred, this would argue that the RNA polymerase was not a cellular contaminant. The absolute requirement for 2-mercaptoethanol and the short lag period before linear synthesis proceeded suggests that some activation step was required which has not been observed with mammalian DNA-dependent RNA polymerases. Finally, the slow reaction kinetics are quite different from the very rapid synthesis observed with extracted mammalian enzymes.
Although similar in many properties to the VV enzyme, the MCV polymerase shows a higher optimal requirement for 2-mercaptoethanol and is proportionately less active at temperatures greater than 35 9C. Its low activity relative to the VV enzyme, whilst clearly dependent on assay conditions, may also have relevance to the greater sensitivity to heat-inactivation of MCV's interfering capacity (R. Postlethwaite, unpublished observations). The ultimate proof of whether or not the RNA polymerase in these virion preparations is transcribing RNA from the molluscum DNA requires a demonstration of sequence homology of the in vitro product with isolated DNA from purified virions. This may be difficult to achieve by standard hybridization techniques because the virus cannot be grown in bulk in the laboratory. It seems possible, however, that the application of nicktranslation to label the virion DNA in vitro may overcome this difficulty. The separate question of whether the amino acid sequence of the MCV polymerase is encoded in the nucleotide sequence of the molluscum DNA may, in due course, be resolved by isolation of suitable mutant strains of MCV, and by the application of immunological and biochemical techniques (Keir, I968).
The apparent defectiveness of MCV in ME cells may be intrinsic, indicating a need for some complementing host-dependent factor which human epidermal cells in vivo can pro-vide. The electron micrographs, on the other hand, show that MCV appears to be degraded in lysosome-like bodies in a similar way to heat-inactivated VV (Dales, I965) . The possibility then arises that the bulk of MCV, as collected from the cores of skin lesions, is not so much inherently defective as heat-inactivated by prolonged exposure to the temperature of human skin. This is weakly supported by the interferon-inducing capacity in ME cells of both MCV and heat-inactivated VV (R. Postlethwaite, unpublished observations), though not by the unsuccessful if limited attempts hitherto made to rescue MCV by techniques of non-genetic reactivation (Brown, Butler & Postlethwaite, I973) .
The u.v. irradiation experiments permit some speculation on possible mechanisms of interferon induction in this system. The inability of VV to induce interferon until its infectivity has been destroyed and its polymerase activity considerably decreased suggests the presence in, or production by, infective virus of an inhibitor of the interferon inducer, as already suggested for Newcastle disease virus by Sheaff, Meager & Burke 0972) . Such an inhibitor would not be present or produced by MCV. The u.v. inactivation kinetics of the RNA polymerases of both VV and MCV are biphasic, comprising fast and slow components. These components might represent, respectively, the effects on RNA synthesis of irradiation of the two macromolecular constituents known to be involved in the RNA polymerase reaction, namely the DNA template and the polymerase protein(s) itself. Where the effects of u.v. irradiation on interferon-inducing capacity are not confused by cytotoxic effects, as with MCV, and with VV at the lower multiplicities of infection, it is clear that the decline in interferon-inducing capacity follows the slow components in the u.v. inactivation curves of the RNA polymerases. It might then follow that the trigger for interferon induction in this system is the polymerase enzyme itself, some other protein of the input virus with similar high resistance to u.v. irradiation, or a modified RNA or protein product resulting from limited genome expression. Such expression has already been held responsible for the induction of MCV-induced cytotoxicity in human amnion cells (La Placa, I966; La Placa et al. 1968) , and the absence of transcription and translation from the MCV genome in ME cells cannot be concluded from the experiments reported here without substantiation by more sensitive and discriminating techniques.
